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$( \frac{\partial}{\partial t}+\frac{\partial\Psi}{\partial y}\frac{\partial}{\partial x}-\frac{\partial\Psi}{\partial x}\frac{\partial}{\partial y})q=0$ (1)
$q$
$q=- \triangle\Psi=-(\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial y^{2}}+\frac{\partial^{2}}{\partial z^{2}})\Psi$ (2)
$u= \frac{\partial\Psi}{\partial y},$ $v=- \frac{\partial\Psi}{\partial x}$ (3)





22 Wire (Gauss : )
$(X_{1,2}, Y_{1,2}, Z_{1,2})$ 2 Wire (
)”1,2 $2l_{1,2^{\text{ }}}$ $\hat{\epsilon}_{01,02}$ $\theta_{1,2^{\text{ }}}$
$\phi_{1,2}$ $Z_{1,2}$ $\hat{\Gamma}_{1,2}$ $l_{1,2}\cos\theta_{1,2}$ Casimir
$X_{1,2},$ $Y_{1,2}$






$R_{i}=(\begin{array}{l}s_{i}X\mathrm{s}\mathrm{i}\mathrm{n}\theta_{i}\mathrm{c}\mathrm{o}\mathrm{s}\phi_{ii}+s_{i}Y_{i}+\mathrm{s}\mathrm{i}\mathrm{n}\theta_{i}\mathrm{s}\mathrm{i}\mathrm{n}\phi_{i}Z_{i}+s_{i}\mathrm{c}\mathrm{o}\mathrm{s}\theta_{i}\end{array}),$ $i=1,2$ . (6)










(4) ( Miyazaki et a1.[10] )
$H=H_{s1}+H_{s2}+H_{m}$ . (9)
$\hat{\Gamma}_{i}\frac{dX_{i}}{dt}$ $=$ $\frac{\partial H}{\partial Y_{i}}$ (10)
$\hat{\Gamma}_{i}\frac{dY_{i}}{dt}$ $=$ $- \frac{\partial H}{\partial X_{i}}$ (11)
$\frac{\hat{\Gamma}_{i}}{5}\frac{dx_{hi}}{dt}$
$=$ $\frac{\partial H}{\partial y_{hi}}$ (12)
$\frac{\hat{\Gamma}_{i}}{5}\frac{dy_{hi}}{dt}$
$=$ $- \frac{\partial H}{\partial x_{hi}}$ (13)
23 (Gauss : )
Wire $x_{s_{i}}$ $y_{s_{i}}$
$\frac{\hat{\Gamma}_{i}}{5}(1-\frac{A^{2}}{(x_{s}^{2}+y_{s}^{2})^{2}})\frac{dx_{si}}{dt}$ $=$ $\frac{\partial H}{\partial y_{si}}$




1 $x_{s}$ $y_{S}$ $(x, y)$ ( )
Meacham et al.[4]
$x_{s}$
$y_{s}$ ( ) ( ) $x_{s}$ $y_{s}$





$H_{si}= \frac{3\hat{\Gamma}_{i}^{2}}{40\pi}\int_{0}^{\infty}\frac{\mathrm{d}s}{\sqrt{s^{3}+Bs^{2}+Cs+V_{i}^{2}}}$ . (16)
$B$ $=$ $x_{hi}^{2}+y_{hi}^{2}+z_{hi}^{2}+x_{si}^{2}+y_{si}^{2}+ \frac{A_{i}^{2}}{x_{si}^{2}+y_{si}^{2}}$, (17)
$C$ $=$ $\frac{5R_{i}}{\hat{\Gamma}_{i}}(x_{hi}^{2}+y_{hi}^{2}+2z_{hi}^{2})+0.5(x_{si}^{2}+y_{si}^{2}-\frac{A_{i}^{2}}{x_{si}^{2}+y_{si}^{2}})\frac{x_{\mathrm{s}i}^{2}-y_{si}^{2}}{x_{si}^{2}+y_{si}^{2}}(y_{hi}^{2}-x_{hi}^{2})$
- $(x_{si}^{2}+y_{si}^{2}- \frac{A_{i}^{2}}{x_{si}^{2}+y_{si}^{2}})x_{hi}y_{hi}\frac{2x_{si}y_{si}}{x_{si}^{2}+y_{si}^{2}}+A_{i}^{2}$ (18)





3: CASL . 4: .
FFT
Contour
PV-Contour $2\pi\cross 2\pi \mathrm{x}2\pi$
128 $\mathrm{x}128\mathrm{x}128$ $\mathrm{A}\partial_{\underline{z},\partial z}=0$
Surgery scale $\delta=\frac{1}{10}L$ ( $L$ ) .
4 CASL
2















5: Co-rotating ( 1:1) . $\mathrm{O}:\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}\cross:\mathrm{M}\mathrm{e}\mathrm{r}\mathrm{g}\mathrm{e}\mathrm{r}$
$\triangle$:Exchange $\neg|_{-:}$Filamentation.
5 1:1
( ) CASL Filamentation ( )





$\sim$ : $\gamma$ cos8 $=1.0$
6
6: Co-rotating ( 1:1) . $\mathrm{O}:\mathrm{M}\mathrm{e}\mathrm{r}\mathrm{g}\mathrm{e}\mathrm{r},$ $\cross:\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e},$ $\triangle$ :Filamenta-
tion.
( ) CASL Filamentation
( ) $h>0.5$ CASL
$h<0.5$
$-\sim$ case 4
4.3 Counter-rotating (case 3):
( 1:1)
$\sim$ : $\alpha/\gamma=0.32$
$\mathrm{r}$ (deg) : $=0$
$\iota$ : $\gamma\cos\Theta=1.0$
CASL - - 2
7 CASL 2
2
$\mathrm{y}$ [ $\langle$y] $h/a>1.14$
$\mathrm{y}$






























8: Wire $\mathrm{C}\mathrm{o}$-rotating 9: Wire Counter-rotating











10: $\mathrm{C}\mathrm{o}\sim \mathrm{r}\mathrm{o}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{n}\mathrm{g}$ . Wire . . $v=0.5,$ $\cross:\mathrm{M}\mathrm{e}\mathrm{r}.\mathrm{g}\mathrm{e}r,$ $\mathrm{O}$ :Stable,
$\triangle:\mathrm{F}\mathrm{i}\mathrm{l}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$.
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